Background and Aims: Matrix metalloproteinase-12 (MMP-12) is involved in tumor invasiveness and metastasis and significantly overexpressed in hepatocellular carcinoma (HCC) tissues. We aimed to investigate the diagnostic and prognostic value of blood mRNA MMP-12 overexpression in patients with HCC. Patients and Methods: From January 2017 to June 2017, 100 patients with HCC (HCV-related cirrhosis) and 100 patients with HCV-related cirrhosis (without HCC) were included in this study. All patients were subjected to triphasic CT abdomen when indicated, liver profile, alpha-fetoprotein (AFP), and molecular characterization of metalloproteinase-12 expression. Results: There were no statistically significant differences between both groups regarding CBC parameters and liver profile (p value > 0.05). There was a statistically significant difference between patients with and without HCC regarding blood mRNA MMP-12 overexpression (p value < 0.01), blood mRNA MMP-12, and/or AFP (sensitivity 84.0%, specificity 60.0%, PPV 51.2%, and NPP 88.2%). The accuracy of mRNA MMP-12 and/or AFP in detection of HCC was 68.0%. Conclusion: Blood mRNA MMP-12 has a good sensitivity and a bad specificity but is accurate in HCC diagnosis. Adding blood mRNA MMP-12 to AFP optimizes the current screening program to improve early diagnosis of HCC and hence better prognosis.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers in the world; it represents more than 5% of all malignances. About 690,000 cases of HCC are diagnosed annually. It is the third leading cause of cancer-related deaths; about 690,000 people die from HCC worldwide [1] . In Egypt, HCC is one of the three frequently diagnosed cancers [2] .
Unlike most solid tumors, the coexistence of two life-threatening conditions (cancer and cirrhosis) complicates the prognostic assessments. The prognosis of patients is solely related to tumor stage and liver condition, which simultaneously determine the applicability and efficacy of therapy. Accordingly, early diagnosis is strongly needed, and the prognostication art depends on four tightly related aspects: tumor stage, synthetic power of liver, patient's general condition, and the efficacy of therapeutic modality [3, 4] .
Alpha-fetoprotein (AFP) and real-time abdominal ultrasound have been used for a long time in the surveillance and diagnosis of HCC. Additionally, AFP can be used in follow-up after locoregional and systemic therapies; however, it is insufficiently sensitive or specific. It is elevated in many settings of various malignancies in addition to HCC, as germ cell tumors, gastric cancer, and intrahepatic cholangiocarcinoma. Its level also increases in nonmalignant lesions as in patients with cirrhosis even in the absence of HCC, as a reflection of the degree of necroinflammatory changes [5, 6] . So, looking for other tumor markers is mandatory for patients and hepatologists aiming for diagnosis at earlier stages.
The matrix metalloproteinases (MMPs) are a family of zinc-dependent endopeptidase enzymes. Their activity was firstly detected in mouse peritoneal macrophage-conditioned media in 1975 [7] .
They are responsible for degradations of elastin and a broad range of matrix and nonmatrix substrates including type IV collagen, type I gelatin, fibronectin, laminin, entactin, vitronectin, proteoglycan, myelin basic protein, and alpha-1 antitrypsin protein [8] . Additionally, they are also linked to tumor invasion and metastasis [9] ; however, their association with angiogenesis remains controversial [10] . Cancer invasion and metastasis depend mainly on the degradation of the extracellular matrix. The extracellular proteins are degraded through the proteolytic effect of MMPs.
Many studies have shown the role of overexpressed MMP-1, MMP-2, MMP-9, and MMP-14 in contribution of epithelial-mesenchymal transition-mediated HCC invasion and metastasis [11, 12] . More than ever, the role of MMP-7 has been discussed. The serum sphingosine-1-phosphate level in HCC positively correlated with the serum syndecan-1 level with existing significant inverse correlation between sphingosine-1-phosphate and syndecan-1 in HCC tissues. Sphingosine-1-phosphate induces advanced tumor phenotypes of HCC via establishing MMP-7/syndecan-1/TGF-β1 autocrine loop and implicates targetable sphingosine-1-phosphate-PI3K/AKT-HPSE-MMP-7 signaling axe in HCC metastasis. However, the role of MMP-12 in cancer progression is still ambiguous, and it has been considered a double-edged sword in tumor progression [13] .
Similarly, in HCC, there is positive reciprocal regulation between MMP-8 and TGF-β1, which explains the probable molecular mechanism underlying the dysregulation of MMP-8 and TGF-β1 in HCC cells. Moreover, the functional interplay between MMP-8 and TGF-β1 contributes to the malignant progression of HCC mainly through the activation of PI3K/Akt/ Rac1 signaling with significant correlation between MMP-8 and TGF-β1 overexpression and poor prognosis and metastasis in patients with HCC [11] .
MMP-12 was identified and formerly isolated from alveolar macrophages of cigarette smokers [10] . MMP-12 plays an important role in cancer development and progression, and it is highly expressed in a wide range of cancers, including colorectal, gastric, nasopharyngeal, lung cancers, and HCC [14, 15] . The expression of MMP-12 is strongly associated with in situ generation of human angiostatin (potent inhibitor of angiogenesis) that inhibits the growth of tumor metastases by suppression of the neovascularization and increase of apoptosis [16] .
The possible carcinogenic role of MMP-12 might be related to the single nucleotide polymorphisms of MMP-12-82A>G (rs2276109) in the promoter region, which affects transcriptional activity and leads to alterations in MMP-12 gene expression [17] .
The aim of the study was to investigate the diagnostic value of blood MMP-12 expression in patients with HCC and the value of adding it to the screening role of AFP.
Subjects and Methods

Subjects
This study was carried out from January 2017 to June 2017 with 100 HCC patients aged 47 to 71 years old versus 100 patients with chronic HCV-related liver cirrhosis (without HCC) aged from 45 to 69 years old. We excluded all patients with cirrhosis or non-HCV-related HCC. Informed written consent was obtained from all participants.
Methods
All participants were subjected to history taking and medical examination. HCC was diagnosed depending on laboratory investigations (liver profile, serum AFP, viral markers) and imaging depending mainly on triphasic CT abdomen and dynamic MRI [18] . Patients without HCC were subjected to liver profile, serum AFP, viral markers, and abdominal ultrasound. Triphasic CT and dynamic MRI were done for some cases to exclude HCC if AFP is elevated above 200 μg/dL and/or hepatic focal lesions were seen during ultrasound examination.
All subjects were evaluated for measurement of blood MMP-12: molecular characterization of metalloproteinase-12 expression in all samples by molecular biology techniques: DNA and RNA extraction from the whole blood samples to perform PCR and real-time PCR, respectively.
Specimen Collection
Under complete aseptic technique, 10 mL of blood was taken from each subject.
Statistical Procedures
Data was statistically analyzed using SPSS (Statistical Package for Social Sciences) program version 21 for windows, and for all the analyses, a p value < 0.05 was considered statistically significant: − Data are shown as mean, range, or value and 95% confidence interval (95% CI) and frequency and percent. All data were tested with Kolmogorov-Smirnov Z test and most of them were found normally distributed and so presented with mean ± SD, and parametric tests on doing association or correlation were used. − ANOVA test was done to compare three variables: one qualitative variable and the other two quantitative variables of normally distributed variables to detect mean and standard deviation, where LSD test is a post hoc test that was done to detect the relationship between variables within groups. − Kruskal-Wallis test was done to compare three or more variables: one qualitative variable and the others quantitative variables of non-normally distributed variables to detect mean and standard deviation, where Tamhane post hoc tests were done to detect the relationship between variables within groups. − ROC curve (receiver operating characteristic curve) was done to detect cut level of any tested variable, where at this level, there is the best sensitivity and specificity cutoff values of the variables for the presence of the disease; moreover, they were used to identify the cutoff of the prevalence-adjusted negative and positive values for the presence of the disease. The validity of the model was measured by means of the concordance statistic (equivalent to the area under the ROC curve, AUC). A model with a c value above 0.7 is considered useful, while a c value between 0.8 and 0.9 indicated excellent diagnostic accuracy. Informed written consents were obtained from all participants. − Linear regression analysis was performed on factors which were significantly different in correlation to determine equation of regression and to detect factors that are independently associated with the presence of the factor under the study.
Results
This study was conducted on 2 groups: the first group included 100 patients with HCC, and the second group included 100 patients with liver cirrhosis without HCC. Table 1 represents the differences between the studied groups. There were no statistically significant differences between HCC and cirrhotic patients regarding CBC parameters and liver profile (p value < 0.01), but no difference was found between all groups regarding serum creatinine (p value > 0.05). Table 2 shows the differences between the different groups regarding real-time PCR for HCV, AFP, and real-time PCR for MMP-12. There was statistically significant difference between patients with and without HCC regarding the overexpressed mRNA MMP-12 (p value < 0.01). Table 3 represents the stepwise linear regression of factors predicting development of HCC. The factors are affecting the development of HCC in patients with cirrhosis by 91%. All these factors are independent predictors of HCC development. Table 4 and Figure 1 represent the sensitivity, specificity, and accuracy of blood MMP-12 alone in the diagnosis of HCC: The sensitivity, specificity, AUC, and accuracy were 72.0, 60.0, 68, and 70.9%, respectively (p value < 0.01). Table 5 represents the diagnostic value of blood mRNA MMP-12 and/or AFP for HCC: the sensitivity, specificity, PPV, NPP, and accuracy were 84.0, 60.0, 51.2, 88.2, and 68.0%, respectively.
Discussion
Diagnosis of HCC at an earlier stage of the disease is the Achilles heel of prognosis and guides treatment decisions. The 4 key factors that may affect the prognosis include: tumor stage at diagnosis, overall health of the patient, hepatic synthetic function, and efficacy of treatment [18] . So, patients and clinicians are in need for an ideal diagnostic marker for accurate detection of HCC in high-risk patients at early stages.
Tumor biomarkers are indicators of a physiological status; they are detectable in serum, urine, or tissues of patients with cancer. Ideal biomarkers and their presence and changes in body fluids can reflect the disease occurrence, progression, recurrence, and prognosis.
To the best of our knowledge, our study was the first one that discussed the diagnostic value of adding the overexpressed blood mRNA MMP-12 and or AFP in the diagnosis of HCC. In our series, the overexpressed MMP-12 had a good sensitivity and a bad specificity but was accurate in the diagnosis of HCC in patients with chronic HCV-related cirrhosis. The diagnosis of HCC improved significantly with adding MMP-12 to AFP more than using AFP alone (p value < 0.01). The sensitivity and specificity of MMP-12 and/or AFP were 84.0 and 60.0%, respectively, positive and negative predictive values of MMP-12 and/or AFP were 51.2 and Many studies discussed the use of MMPs in HCC, GIT cancers, and other cancers. Liu et al. [19] hypothesized that the surrounding tumor-associated stromal cells play a crucial role in 14-3-3σ-regulated HCC cell invasion. They incubated H68 fibroblasts, THP-1, and phorbol-12-myristate-13-acetate (PMA)-treated THP-1 (PMA-THP-1) cells with conditioned media of control and 14-3-3σ-overexpressing cells (14-3-3σ-CM), followed by co-culture with HCC cells. HCC cells significantly enhanced their invasive power compared with control CM-treated cells. Moreover, incubation with 14-3-3σ-CM induced differential expression profiles of MMPs in fibroblasts (MMP-1, 2, 9, 12, and 14), THP-1 (MMP-1 and 12), and PMA-THP-1 cells (MMP-2, 12, and 14) [19] .
Ng et al. [20] studied the significance and prognostic value of MMP-12 expression in 139 pairs of tumor and non-tumor liver tissues of HCC patients after hepatectomy. They found that the PCR MMP-12 mRNA was significantly elevated in tumor tissues compared to nontumor and normal liver tissues. Overexpression of MMP-12 mRNA significantly correlated with presence of venous infiltration, high serum AFP level, early tumor recurrence, and poor overall survival of patients. Moreover, MMP-12 mRNA was an independent factor in predicting overall survival after hepatectomy [20] .
Similarly, Gorrin Rivas et al. [21] studied the correlation between human macrophage metalloelastase gene expression and angiostatin production using the mRNA expression and angiostatin generation in tumorous and non-tumorous tissues obtained from 40 HCC patients after partial hepatectomy. The mRNA was detected in 25 out of 40 HCC tissues. They concluded that MMP gene was expressed by HCC cells, and it can be responsible for the angiostatin generation by such tumor cells and may serve as a prognostic marker in HCC patients [21] .
Miyoshi et al. [22] examined whether Snail gene expression correlates with cancer invasion and prognosis in HCC. RT-PCR was performed to evaluate Snail, E-cadherin, and MMP mRNA expressions in 47 ordinary HCC tissues. In the HCC tissues, Snail expression was significantly correlated with portal vein invasion, intrahepatic metastasis, correlation with MT1-MMP expression, and poorer prognosis by upregulating MMP expression [22] .
The functional polymorphisms of MMP-12 may contribute to interindividual differences in susceptibility to a wide spectrum of cancers. MMPs are plausible HCC candidate genes; however, Zhai et al. [23] estimated whether the MMP polymorphisms have any bearing role on the risk of HCC development. They focused on seven promoters of six MMP genes: MMP-1 -1607 1G/2G (rs1799750), MMP-2 C-1306T (rs243865) and C-735T (rs2285053), MMP-3 -1612 5A/6A (rs3025058), MMP-9 C-1562T (rs3918242), MMP-12 G-82A (rs2276109), and MMP-13 G-77A (rs17860523), respectively. Their results suggested that the seven functional polymorphisms in the promoters of MMP-1, MMP-2, MMP-3, MMP-9, MMP-12, and MMP-13 did not significantly confer an increased risk of HCC [20] . Similar data were found in colorectal cancer [24] and gastric carcinoma [25] . Similar data were obtained in many cancers outside GIT [26] [27] [28] .
From the above shown data, MMP-12 might be a universal target for diagnosis and prognosis of cancer and might be used as a promising screening marker in looking for hidden malignancies. Furthermore MMP-12 may play a crucial role in anticancer therapy. Fucosyltransferase IV (FUT4) has been implicated in cell adhesion, motility, and tumor progression in human epidermoid carcinoma A431 cells. So, treatment with EGF resulted in an alteration of cell morphology and induced an increase in the expression of MMP-12 [29] .
Additionally, inhibition of MMP synthesis may be targeted as an anticancer therapy. Several agents have been developed that block the MMPs and prevent them from interacting
